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mined as follows. When LMC-1 was heated with 0.9 M HCl in 82% MeOH, FAM and LCB mixtures were obtained. The FAM mixture was acetylated to afford its acetate (FAMAc, Chart 1). The optical rotation of FAM-Ac (ϩ12.9) showed its R-configuration by comparing with those of two synthetic diastereomers of methyl (2R)-2-O-acetyl hexadecanoate (ϩ14.5) 4) and methyl (2S)-2-O-acetyl hexadecanoate (Ϫ13.8).
4) The LCB mixture was acetylated to LCB acetate mixture (LCB-Ac, Chart 1). The 1 H-NMR spectrum of LCBAc was in good agreement with that of synthetic (2S,3R,4E)-2-acetamido-1,3-diacetoxyoctadec-4-ene (par-acetyl sphingosine) 5) in terms of the signals due to 1-H to 5-H. Furthermore the optical rotation of LCB-Ac (Ϫ7.6) and the synthetic par-acetyl sphingosine (Ϫ7.7) 6) suggests that LCB-Ac has the (2S,3R,4E) configuration.
The absolute configuration of the glucopyranose moiety was determined to be the D-form using the Hara method. 7) Accordingly, LMC-1 is designated as a sphingosine-type glucocerebroside molecular species (Chart 1), which is composed of the aforementioned fatty acids and long-chain bases.
Isolation and Structure of Cerebrosides from LMC-1 LMC-1 was separated by reverse-phase HPLC into 11 peaks, which were recovered to give the fractions LMC-1-1 to LMC-1-11. Six of the 11 fractions, LMC-1-2, LMC-1-6, LMC-1-7, LMC-1-8, LMC-1-9, and LMC-1-10, revealed a single quasi-molecular ion peak [MϩNa] ϩ in the positive-ion FAB mass spectrum, but the other five fractions exhibited plural molecular ion peaks. Upon methanolysis, in the six fractions that were thought to be pure compounds, only LMC-1-6 (1) afforded homogeneous fatty acid and longchain base.
The 1 H-and 13 C-NMR spectra of 1 were essentially identical to those of LMC-1 (Table 2) , and the methanolysis products of 1 were methyl 2-hydroxydocosanoate (FAM) and 2-amino-1,3-dihydroxy-14-methyl-4-hexadecene (LCB). On the basis of the above data and the molecular mass of 1 (m/z 808 [MϩNa] ϩ ), the structure of 1 was determined to be 1
Structure of Cerebroside Molecular Species LMC-2 LMC-2 revealed strong hydroxy (3366 cm
Ϫ1
) and amide (1629, 1540 cm
) absorptions in the IR spectrum. The positive FAB mass spectrum of LMC-2 exhibited a series of [MϩNa] ϩ ion peaks at m/z 770, 784, 810, 812, 826, 840, 854, 868, and 882. LMC-2 showed the characteristic signals of a phytosphingosine-type cerebroside possessing 2-hydroxy fatty acid and b-glucopyranose moieties in its 1 H-and 13 C-NMR spectra (Chart 3, Table 1 ). Furthermore, LMC-2 was thought to possess the normal and ante-iso 3) types of side chains like LMC-1 on the basis of the carbon atom signals due to the terminal methyl ( Table 1) . The 1 H-NMR spectrum of LMC-2 was in good agreement with that of known glucocerebrosides, which is composed of (2S,3S,4R)-phytosphingosine, (2R)-2-hydroxy fatty acid, and b-glucopyranose, expect for the side-chain moieties. Therefore LMC-2 is suggested to be a molecular species of phytosphingosinetype cerebroside possessing 2-hydroxy fatty acid and b-glucopyranose. Constituents and the absolute configuration of the ceramide and sugar moieties of LMC-2 were determined as follows.
The structure of the ceramide moiety was examined first. LMC-2 was methanolyzed with methanolic hydrochloric acid to give a mixture of FAM, LCB, and methyl glucopyranoside. GC-MS analysis of the FAM mixture showed the existence of seven components, which were characterized as methyl 2-hydroxyhexadecanoate (FAM-1), methyl 2-hydroxyheptadecanoate (FAM-2), methyl 2-hydroxyheneicosanoate (FAM-3), methyl 2-hydroxydocosanoate (FAM-4), methyl 2-hydroxytricosanoate (FAM-5), and methyl 2-hydroxytetracosanoate 1092 Vol. 50, No. 8 The absolute configuration of the glucopyranose moiety was determined to be the D-form as before. Accordingly, LMC-2 is a phytosphingosine-type glucocerebroside molecular species, as shown in Chart 3.
Isolation and Structure of Cerebrosides from LMC-2 By means of reverse-phase HPLC, LMC-2 was separated into 12 peaks, which were recovered to give fractions LMC-2-1 to LMC-2-12. Ten of the 12 fractions, LMC-2-1, LMC-2-3, and LMC-2-5 to LMC-2-12, showed a single quasi-molecular ion peak [MϩNa] ϩ in the positive-ion FAB mass spectrum, but the other two fractions exhibited plural molecular ion peaks. Furthermore, five of the 10 compounds, LMC-2-1 (2), LMC-2-3 (3), LMC-2-5 (4), LMC-2-6 (5), and LMC-2-12 (6) gave a single fatty acid upon methanolysis. Therefore these five compounds were regarded as homogeneous cerebrosides.
The positive-ion FAB mass spectrum of 3 showed the peak [MϩNa] ϩ ion at m/z 810. The 13 C-NMR spectrum of 3 was essentially identical to that of LMC-2, which confirms that 3 is a cerebroside component of LMC-2, and shows signals due to normal-type 3) terminal methyl groups. Furthermore, 3 was suggested to contain one olefinic group in the LCB side chain, since two olefinic carbon signals (dϭ130.1, 130.3) were observed. Compound 3 yielded methyl 2-hydroxyhexadecanoate as the fatty acid component upon methanolysis. The location and geometry of the double-bonds in the LCB side chains of 3 were determined as follows.
The LCB of 3 was regarded as 2-amino-1,3,4-docosenetriol on the basis of the above facts. The positive-ion FAB mass spectrum of the dimethyl disulfide (DMDS) derivatives 9,10) of 3 showed a remarkable fragment ion peak at m/z 229 due to cleavage of the bond between the carbons bearing a methylthio group (Chart 4). These data indicate that the double-bond in the LCB residue of 3 is located at C-9, as shown in Chart 5.
Furthermore, it is known 11) that the geometry of the double-bond in the long-chain alkene can be determined on the basis of the 13 C-NMR chemical shift of the methylene carbon adjacent to the olefinic carbon, which is observed at d£27 in (Z) isomers and at d£32 in (E) isomers. The proton signal at dϭ5.43 was assigned to the olefin groups based on the 1 H-1 H correlation spectroscopy (COSY) spectrum of 3. When the heteronuclear multiple bond connectivity (HMBC) spectrum of 3 was measured, significant correlations were observed between the signal of the olefin proton at dϭ5.43 and the methylene carbon atoms at dϭ27.5 and 27.8, as shown in Table 2 . Accordingly, these methylene carbon atoms must be the carbon atoms adjacent to the double-bond and were thus assigned to C-8 and C-11 (dϭ27.5, 27.8). Thus the olefin group in the LCB of 3 was determined to have cis (Z) geometry.
Therefore the structure of 3 was proposed to be 1
Four other cerebrosides, 2, 4, 5, and 6 had molecular masses of 747 (2), 789 (4), 831 (5), and 859 (6), and their 13 C-NMR spectra were found to be essentially identical to that of LMC-2 (Tables 1, 2) , which confirms that these compounds were also cerebroside components of LMC-2.
Compound 4 showed signals of the normal type 3) terminal methyl groups in its 13 C-NMR spectrum and afforded methyl 2-hydroxydocosanoate upon methanolysis. On the basis of the above data, the structure of 4 was proposed to be 1
Compounds 2, 5, and 6 possess the normal and ante-iso type 3) of terminal methyl groups, and upon methanolysis 2, 5, and 6 afforded methyl 2-hydroxyhexadecanoate, methyl 2-hydroxydocosanoate and methyl 2-hydroxytetracosanoate, respectively. Therefore the structures of 2, 5, and 6 were determined to be 1
In conclusion, compounds 2 and 6, called luidiacerebroside A and B, are, to the best of our knowledge, new cerebrosides. Compounds 1 and 5 have been found to be identical to CE-2b 12) and CE-3-2, 13) isolated from the sea cucumber Cucumaria echinata. Compounds 3 and 4 have been found to be identical to astrocerebroside B 14) and acanthacerebroside B, 15) isolated from the starfish Astropecten latespinosus and Acanthaster planci, respectively. The biological activities of these compounds will be examined in future studies.
Experimental
General Melting points: Micromelting point apparatus (Yanaco MP-3), uncorrected values. Optical rotations: Jasco Dip-307 digital polarimeter. IR spectra: Jasco FT-IR-410 Fourier transform infrared spectrophotometer. The organic layer was concentrated in vacuo, and residue was washed with cold acetone (600 ml, four times) to give an acetone-insoluble fraction (337 g). A portion of the acetone-insoluble material (230 g) was partitioned between MeOH and n-hexane (1 : 1, 2 l, two times 
GC-MS Analysis of TMS Ethers of LCB from LMC-1

GLC Analysis of TMS Ethers of Methyl Glycoside from LMC-1
The TMS ether of methyl glycoside was analyzed by GLC [column temp. 100-250°C (rate of temp. increases 5°C/min)]; t R [min]ϭ21.6, 21.9 (methyl-2,3,4,6-tetra-O-trimethylsilyl glucose from LMC-1), t R [min]ϭ21.5, 21.9 (standard methyl-2,3,4,6-tetra-O-trimethylsilyl glucose).
Determination of Absolute Configuration of the Glucose Moiety of LMC-1 LMC-1 (1.0 mg) was heated with 4 M H 2 SO 4 aq. (0.2 ml) at 100°C for 18 h. The reaction mixture was then extracted with n-hexane, and the acidic aqueous layer was neutralized with Ba(OH) 2 , centrifuged, and the supernatant was concentrated. The residue (sugar fraction) was heated with Lcysteine methyl ester hydrochloride (0.25 mg) and pyridine (0.1 ml) at 60°C for 1 h. Then 0.1 ml of 1-(TMS)imidazole was added and the mixture was heated at 60°C for 20 min to yield the TMS ether derivative of the methyl thiazolidine-4(R)-carboxylate. The derivative was analyzed by GC [column temp. 200-250°C (rate of temp. increases 2.5°C/min)]; t R ϭ11.56 min (derivative of D-glucose, 11 .58 min; L-glucose 12.11 min).
Determination of Absolute Configuration of the Fatty Acid Moiety of LMC-1 LMC-1 (60 mg) was heated with 0.9 M HCl in 82% MeOH at 80°C for 18 h. The reaction mixture was extracted with n-hexane, and the nhexane layer was concentrated in vacuo. The residue was purified by column chromatography on a silica gel column (eluent: CHCl 3 ) to afford the FAM mixture. The FAM mixture was acetylated using the standard procedure (Ac 2 O, pyridine) at 70°C for 2 h. The reaction mixture was diluted with CHCl 3 and successively washed with 2 M HCl. The organic layer was dried over Na 2 SO 4 Determination of Absolute Configuration of the LCB Moiety of LMC-1 LMC-1 (60 mg) was heated with 0.9 M HCl in 82% MeOH at 80°C for 18 h. The reaction mixture was extracted with n-hexane, and the MeOH layer was alkalinized with 6 M NaOH. The mixture was diluted with diethyl ether and successively washed with water. The organic layer was dried over Na 2 SO 4 , filtrated, and the filtrate was concentrated. The residue was acetylated using the standard procedure (Ac 2 O, pyridine) at 70°C for 2 h. The reaction mixture was diluted with CHCl 3 and successively washed with 2 M HCl. The organic layer was dried over Na 2 SO 4 , filtrated, and the filtrate was concentrated. The residue was purified by column chromatography on a silica gel column (eluent: n-hexane/AcOEt, 3 : 2) to afford long-chain base acetate (LCB-Ac Isolation of Cerebrosides LMC-1 Series HPLC of LMC-1 (solvent 98% MeOH aq., flow rate 3.0 ml/min) showed 11 peaks. Using these conditions, 130 mg of LMC-1 was separated by HPLC to give 11 compounds: LMC-1-1 (12.3 mg, t R ϭ13.8 min), LMC-1-2 (2.1 mg, t R ϭ21.3 min), LMC-1-3 (2.5 mg, t R ϭ24.3 min), LMC-1-4 (2.4 mg, t R ϭ29.3 min), LMC-1-5 (4.7 mg, t R ϭ38.6 min), LMC-1-6 (1) (7.9 mg, t R ϭ41.9 min), LMC-1-7 (5.7 mg, t R ϭ45.6 min), LMC-1-8 (9.9 mg, t R ϭ49.8 min), LMC-1-9 (3.6 mg, t R ϭ53.8 min), LMC-1-10 (1.9 mg, t R ϭ59.6 min), LMC-1-11 (4.4 mg, t R ϭ70.6 min). Table 1 . Methanolysis of LMC-2 LMC-2 (1.0 mg) was heated with 5% HCl in MeOH (1 ml) at 70°C for 12 h in a sealed small-volume vial. The reaction mixture was extracted with n-hexane, and the hexane layer was concentrated to give a mixture of FAM for GC-MS analysis. The MeOH layer was neutralized with Ag 2 CO 3 , filtrated, and the filtrate was concentrated in vacuo to give a mixture of LCB and methyl glycoside.
GC-MS Analysis of FAM from LMC-2
The FAM mixture from LMC-2 was subjected to GC-MS [column temp. 100-250°C (rate of temp. increases 5°C/min)]. The results were as follows: FAM-1 (methyl 2-hydroxyhexadecanoate), t R [min] (ratio of peak areas)ϭ25.9 (7.3), EI-MS m/z: for 18 h. The reaction mixture was then extracted with n-hexane, and the acidic aqueous layer was neutralized with Ba(OH) 2 , centrifuged, and the supernatant was concentrated. The residue (sugar fraction) was heated with Lcysteine methyl ester hydrochloride (0.25 mg) and pyridine (100 ml) at 60°C for 1 h. Then 0.1 ml of 1-(TMS)imidazole was added and the mixture was heated at 60°C for 20 min to yield the TMS ether derivative of the methyl thiazolidine-4(R)-carboxylate. The derivative was analyzed by GC [column temp. 200-250°C (rate of temp. increases 2.5°C/min)]; t R ϭ11.56 min (derivative of D-glucose, 11 .58 min; L-glucose 12.11 min).
GC-MS Analysis of TMS Ethers of LCB from LMC-2
Determination of Absolute Configuration of the Fatty Acid Moiety of LMC-2 LMC-2 (300 mg) was heated with 0.9 M HCl in 82% MeOH at 80°C for 18 h. The reaction mixture was extracted with n-hexane, and the nhexane layer was concentrated in vacuo. The residue was purified by column chromatography on a silica gel column (eluent: CHCl 3 ) to afford the FAM mixture. The FAM mixture was acetylated using the standard procedure (Ac 2 O, pyridine) at 70°C for 2 h. The reaction mixture was diluted with CHCl 3 and successively washed with 2 M HCl. The organic layer was dried over Na 2 SO 4 , filtrated, and the filtrate was concentrated. Determination of Absolute Configuration of the LCB Moiety of LMC-2 LMC-2 (300 mg) was heated with 0.9 M HCl in 82% MeOH at 80°C for 18 h. The reaction mixture was extracted with n-hexane, and the MeOH layer was alkalinized with 6 M NaOH. The mixture was diluted with diethyl ether and successively washed with water. The organic layer was dried over Na 2 SO 4 , filtrated, and the filtrate was concentrated. The residue was acetylated using the standard procedure (Ac 2 O, pyridine) at 70°C for 2 h. The reaction mixture was diluted with CHCl 3 and successively washed with 2 M HCl. The organic layer was dried over Na 2 SO 4 , filtrated, and the filtrate was concentrated. The residue was purified by column chromatography on a silica gel column (eluent: n-hexane/AcOEt, 3 : 2) to afford LCB-Ac. Isolation of Cerebroside LMC-2 Series HPLC of LMC-2 (solvent MeOH, flow rate 2.5 ml/min) showed 12 peaks. Using these conditions, 130 mg of LMC-2 was separated by HPLC to give 12 compounds: LMC-2-1 (2) (3.2 mg, t R ϭ15.5 min), LMC-2-2 (1.7 mg, t R ϭ17.5 min), LMC-2-3 (3) (5.4 mg, t R ϭ20.5 min), LMC-2-4 (2.3 mg, t R ϭ24.3 min), LMC-2-5 (4) (7.5 mg, t R ϭ26.5 min), LMC-2-6 (5) (15.1 mg, t R ϭ28.0 min), LMC-2-7 (5.2 mg, t R ϭ30.5 min), LMC-2-8 (19.9 mg, t R ϭ32.8 min), LMC-2-9 (3.5 mg, t R ϭ35.5 min), LMC-2-10 (26.9 mg, t R ϭ38.5 min), LMC-2-11 (16.9 mg, t R ϭ44.8 min), LMC-2-12 (6) (4.7 mg, t R ϭ51.5 min). between the signals dϭ5.43 (olefinic protons) and dϭ27.5 (methylene carbon atoms). Compound 3 was methanolyzed using the same method as described for LMC-2 to yield methyl 2-hydroxyhexadecanoate as FAM.
DMDS Derivative of 3 Compound 3 (1.0 mg) was dissolved in carbon disulfide (DMDS, 0.2 ml) and iodine (1 mg) was added to the solution. The resulting mixture was stored at 60°C for 40 h in a small-volume sealed vial. The reaction was subsequently quenched with aqueous Na 2 S 2 O 3 (5%), and mixture was extracted with n-hexane (0.3 ml). The extract was concentrated to give the 3 DMDS derivative. Positive-ion FAB-MS m/z: 229. 
